The adoption of Building Information Modelling (BIM) is one of the greatest technological innovations in the construction industry to date. However, the implementation of BIM lags far behind its potential due to the existence of various barriers. Strong government support is critical for the successful development and deployment of complex technology systems. BIM could seek government support to drive its implementation process and overcome the barriers. Through a survey, this paper aims to discover stakeholders' expectations of the government role in BIM implementation and explores specific ways for governments to promote BIM implementation. The research findings are expected to assist related departments to accelerate BIM implementation.
government to lead further BIM implementation.
Government Contributions to Promoting the Implementation of BIM

Government Functions in Promoting New Technology
Improvements in university-industry collaborative research and development (R&D) relationships and targeted technology development programs appear to have contributed to the improved performance of state and national economies (Feller, 1997) . Additionally, governments as sponsors of technology have concentrated on funding basic research and private R&D (Von Tunzelmann & Acha, 2005) . This indicates that the implementation of new technology involves both the industry and the education sector; therefore government functions in these fields are investigated.
Government is recognised as an important actor in relation to standardisation. Government can promote the development and diffusion of technology by conducting or investing in research, seeding the development of resources or services, forming state-led standard-setting consortia, establishing national science parks, procuring products and mediating private sector competition (Funk & Methe, 2001 ). The research on government intervention in technological innovation focuses mainly on technological innovation policies and intervention methods (Xiao & Ma, 2014) . In terms of government intervention in the industry in relation to the adoption of new technologies, there are three relevant aspects: information support, financial support and personnel support (Moon & Bretschneider, 1997) .
A successful national strategy for promoting domestic innovation often includes the active participation of a country's economic development board. Support in relation to taxation can include: low taxes, including tax holidays, an overall low tax rate or industry-specific low tax rates; and an R&D or intellectual property tax regime. Statistics show that many countries have added new tax vehicles to support modernisation and innovation. These tax incentives aim to change the risk/reward calculations of industry participants in order to encourage them to invest more in research, product development and business process improvements. These incentives are often supported by software (PricewaterhouseCoopers, 2010).
Government Contributions in Australia and China
The adoption of BIM concepts in the Australian construction industry can be traced back a decade or earlier. The use of BIM in the construction industry is not currently widespread and there have not been any government mandates to use BIM in projects of any note (Smith, 2014) . However, in the past five years or so interest in BIM adoption has increased among many stakeholders in the AEC sector. Australian BIM practitioners are in the vanguard of global practice, engaging in ambitious demonstration projects of the highest complexity. They are also active in R&D, in terms of both basic research undertaken by universities and applied research driven by industry-research collaborations (CIBER, 2012) .
Most of the national initiatives to drive the Australian construction industry towards BIM through the development of standards and protocols have been driven by the National Specification System of Australia (NATSPEC), BuildingSMART Australasia and the Australian Institute of Architects (AIA). The NATSPEC guidelines are flexible enough to accommodate use in different procurement contexts and can be viewed as one of the most comprehensive Australian BIM documents. Table 1 contains a summary of the strategies, standards and processes associated with BIM implementation that have been published by government and industry institutions in Australia. The Chinese AEC industry is in the early stages of BIM adoption. Contractors are adopting BIM at a faster rate than design professionals, while some barriers are inhibiting the use of BIM approaches, such as difficulties with changing traditional work process and legal issues (McGraw-Hill, 2014) . With increasing development, the Chinese AEC industry is growing rapidly and becoming more sophisticated; hence there is an opportunity to drive improvement through the creation and adoption of national BIM standards. China now has a 2016 publishing goal for a national BIM standard and with robust education, training and implementation support, government efforts will help the Chinese industry to move forward (Ouellette, 2014) . Table 2 presents a summary of information about the progress of BIM implementation in China. The information summarised above illustrates how the process of BIM implementation is being promoted and driven by the Australian and Chinese governments. However, these governments' roles in driving BIM implementation are not yet as significant as in other countries such as the USA and the UK. The governments have the potential to promote BIM implementation in the industry, economic, and education and training sectors.
Research Design
governments' driving force, while Question 3 was designed to discover critical directions for the governments to pursue. Question 3 allowed survey participants to select their top three choices, while the other two questions asked for a single choice. Group meetings were used to collect the survey data in this research. Survey sampling requires the selection of a small sub-population that is representative of the entire population. For this research, samples from four distinct populations associated with BIM implementation were selected: academic staff; university students; industrial BIM practitioners; and government officials related to AEC management disciplines. The questionnaires were sent to all respondents by email ahead of the group meetings, together with a plain language explanation of the research purpose.
A number of group meetings were held in China and Australia from the end of 2014 to early 2015. In total, 62 valid questionnaires were received. Among these, 25 respondents were from Australia and 37 were from China, including 14 respondents from industry, 10 government employees, 14 academic staff members and 24 undergraduate and postgraduate university students.
Investigation of Expected and Practical Government Roles
It was assumed that the respondents would have some expectations around the roles of government. The driving force of government was divided into 'leading role' and 'guiding role' in order to be investigated more accurately. The results of the survey are presented in Figure 1 . Over 90% of respondents believed that government should play a very important role in the BIM implementation process, indicating that the respondents had expectations of government support. More than half of the respondents believed that government should play a leading role, take full advantage of its administrative functions and actively participate in the promotion process, while 37% of respondents believed that government should play a guiding role, which means not leading but inspiring the development of the industry.
The various types of respondents had different expectations of the government role. All 10 government employees, 12 out of 14 university academics, 11 out of 14 industry staff and 23 out of 24 students chose a leading role or a guiding role, and the selection of leading role was the most common among the groups. The results indicate the self-recognition of government staff of government actions, while the university sector is more dependent on government funding to support research and teaching. For industry employees, their expectations of government backing for BIM implementation were not as urgent as anticipated and depended more on their own economic conditions and employee skill levels.
Figure 1. Expected roles of the governments
In terms of the current roles of the two governments, it can be seen in Figure 2 that almost half of the respondents believed that government was indeed playing a role to some extent in the process of BIM implementation, although only 7 out of 62 respondents held the opinion that government was playing a leading role. Almost half of the respondents noted that government was playing either a leading or guiding role which was consistent with the functions of government. However, the data does not support the expectation that government should play a leading role, at 53% (33 out of 62 respondents) or a guiding role, at 37% (23 out of 62 respondents). The data supporting leading or guiding roles for government was mainly contributed by government staff and university students, who accounted for 65% of the respondents.
From the perspective of the individual respondents, the AEC industry entities were the main participants in and beneficiaries of BIM implementation. However, only 4 out of 14 industry staff chose leading role or guiding role, almost 60% of these respondents considered that the governments were playing a general role, and 2 of the staff thought the governments were not involved, indicating that government support did not satisfy the expectations of the AEC industry. Significant issues were how to take necessary measures to support and encourage AEC industry entities to use BIM systems and how to reduce the cost of application through self-effort in the industry.
Although the government staff and the students mostly chose leading role or guiding role, with figures of 60% and 54%, this was not enough to affect the overall strength of the data, which also reflects that government support for university education and training was weaker than expected. The lack of research funding and expertise in relation to BIM practice has resulted in a small number of researchers of BIM application. Comprehensive evaluation of the governments' roles suggest that their current roles were far from meeting the expectations of the respondents, who wanted stronger support from government in promoting new technologies. 
Driving Directions for Government in Promoting BIM Implementation
The top three choices of issues with high degrees of concern were 'Improve national standards', 'Encourage BIM education and training' and 'Drive mandatory BIM application', each of which covered around 60%, occupying 39, 36 and 35 out of the total number of respondents, followed by 'Build a tripartite cooperation platform' with a figure of 33, which is also over half. The results are presented in Table 4 . The ranking of A/B/C www.ccsenet.org/jms
Journal of Management and Sustainability Vol. 5, No. 4; 2015 represents choice order 1/2/3 separately. It can be concluded that to pursue the main directions for BIM promotion, governments should pay attention to national BIM standards, and BIM education and training, and utilise opportunities for purchasing public facilities to promote BIM implementation. Special policies could strongly subsidise BIM education, foster the development of skilled professionals and utilise government fiscal policy to provide incentives for BIM implementation. Also, a significant and effective way to promote BIM implementation is by mandatory use in government procurement within the scope of government administration. Successful cases such as the Sydney Opera House in Australia (ACG, 2010) and the Shanghai World Expo Project in China (Liu & Zhang, 2014) provide excellent demonstrations of this in practice. The top three choices of government staff were improving national standards (8 out of 10 respondents), driving mandatory BIM application (7 out of 10 respondents) and building a tripartite cooperation platform (7 out of 10 respondents), which can be explained because government staff tend to take advantage of governments' administrative measures to support BIM promotion and focus less on the problem of how to develop professional skills training. The emphasis of the government staff was on the development and management of the entire AEC industry and they considered that governments as clients who require the use of BIM could play a guiding role in the industry.
The university academics selected building a tripartite cooperation platform (12 out of 14 respondents), driving mandatory BIM application (9 out of 14 respondents) and improving national standards (8 out of 14 respondents) as their top three choices. They were more inclined towards building a platform for cooperation between universities, research institutions and industrial technology entities to promote BIM with the support of government funding. They mainly focused on theoretical research; hence they were hopeful of obtaining better teaching or research resources and practical opportunities from this platform. The authority and attributes of government simply meant governments are able to build this kind of platform with the necessary responsibilities and capabilities. No single party among the industry, universities or research institutions could achieve this alone.
The industry staff consistently selected the choices of government policy and economic support in education, while 80% of respondents chose 'Fiscal and tax policies support' and 'Encourage BIM education and training' as www.ccsenet.org/jms
Journal of Management and Sustainability Vol. 5, No. 4; 2015 the most important tasks. Both developed and developing countries have implemented taxation policies to encourage the development and application of new technology, which indicates that the measures taken by government that produce fiscal policies to support industry to carry out technological innovation and use new technology are highly effective. BIM funding for education and training to produce skilled personnel was the basis for BIM projects and equally important for the industry. Solving these problems not only overcame the BIM implementation cost, but also formed the foundation of future BIM implementation to achieve the maximum benefits of the new technology.
Half of the industry staff chose improving national standards and building a tripartite cooperation platform, which suggests companies also pay attention to BIM standardisation and external cooperation to ensure the sustainability of BIM implementation. On one hand, BIM technology requires a unified standard to regulate it and on the other hand, BIM technology undergoes continuous progress and change. In addition, the mandatory purchasing of public buildings and facilities was not strong enough to attract the attention of companies and this explains the little interest in 'Drive BIM mandatory application'.
The students concentrated their top three choices on 'Improve national standards', 'Encourage BIM education and training' and 'Drive mandatory BIM application', accounting for 16, 16 and 15 out of 24 respondents, over 60%, and the total trend of their choices is relatively close to those of other respondents, and so does not affect the overall evaluation of this part of the research.
The statistics for respondents' first single choice of the directions show some unanticipated results. It was unexpected for university academics to select 'Drive mandatory BIM application', but the highest first choice of government staff was 'Improve national standards', while industry staff chose 'Fiscal and tax policies support' and students preferred 'Improve national standards' and 'Encourage BIM education and training'. That is close to the results of previous research, indicating that as they have different roles in the process of BIM application, the respondents' views were also different, but this uncertainty did not have much impact on the trend of the general respondent samples.
Conclusions
The BIM concept and technology have been applied in practice worldwide and the great benefits of BIM application in the AEC industry are gradually being revealed. The driving force of government can support the industry and academic community in the implementation of BIM, as government legal and mandatory instructions can promote new technologies directly or indirectly. The BIM implementation process involves government staff, university academics, industry staff and university students. BIM technology connects these related participants. Under the guidance of government responsibility as the driving force, the promotion of BIM technology can be accelerated.
Despite a gap between the expected and practical government roles, the four groups of survey participants had a common expectation for the government role of introducing policies to promote BIM implementation. All the directions proposed for government support in the survey have a significant impact on the promotion of BIM implementation, among which the most significant were fiscal support, national standards and professional training. The public service resources that governments own make them capable of providing support for new technology innovation. It is recommended that by increasing the driving force of the government, the industry and academic community could be integrated as a whole. The positive effects of BIM include rapid development and achievement of industrialisation. 
